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Abstract
In this paper, we study self-dual codes over GF(p) where p = 11; 13; 17; 19; 23 and 29. A
classi#cation of such codes for small lengths is given. The largest minimum weights of these
codes are investigated. Many maximum distance separable self-dual codes are constructed.
c© 2002 Published by Elsevier Science B.V.
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1. Introduction
A linear [n; k] code C over GF(p) is a k-dimensional vector subspace of GF(p)n,
where GF(p) is the Galois #eld with p elements. In this paper, we consider the case
where p is a prime. The elements of C are called codewords and the (Hamming) weight
wt(x) of a codeword x is the number of non-zero coordinates in x. The minimum weight
of C is de#ned as min{wt(x) | 0 = x∈C}. An [n; k; d] code is an [n; k] code with mini-
mum weight d. A matrix whose rows generate the code C is called a generator matrix
of C. The dual code C⊥ of C is de#ned as C⊥= {x∈GF(p)n | x ·y=0 for all y∈C}.
C is self-dual if C =C⊥. For p≡ 1 (mod 4), a self-dual [n; n=2] code over GF(p) ex-
ists if and only if n is even, and for p≡ 3 (mod 4), a self-dual [n; n=2] code over
GF(p) exists if and only if n≡ 0 (mod 4). We say that self-dual codes with the largest
minimum weight among self-dual codes of that length are optimal. Two codes C and
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C′ over GF(p) are equivalent if there exists an n by n (1;−1; 0)-monomial matrix P
with C′=C ·P= {xP | x∈C}. The automorphism group of C consists of all n by n
(1;−1; 0)-monomial matrices P with C =C · P.
It is a fundamental problem to classify self-dual codes and determine the largest
possible minimum weight. As described in [10], self-dual codes are an important class
of linear codes, both theoretically and for practical reasons. By the Gleason–Pierce
theorem, there are divisible self-dual codes over GF(p) for p=2; 3 and 4. Hence
much work has been done concerning self-dual codes over these #elds. For example,
self-dual codes of small lengths over GF(2); GF(3) and GF(4) have been classi#ed
(cf. [10, Sections 11.3–11.6]), in order to determine which codes exist and which
weight enumerators are possible. In addition, much is known about the largest minimum
weights for self-dual codes over these #elds (cf. [10, Tables X, XII, XIII and XIV]).
Conversely, self-dual codes over larger #elds have not been widely studied [10]. For
GF(5) and GF(7), only self-dual codes up to length 12, and lengths 4 and 8 have
been classi#ed, and the largest minimum weights up to lengths 16 and 12 have been
determined, respectively [7,9,5]. de Boer [3] gives self-dual [20; 10; 10] codes over
GF(11) and GF(17), and an [18; 9; 9] code over GF(13).
In Section 2, we recall known results which are used in this paper. In Sections 3, 4,
5, 6, 7 and 8, we study self-dual codes over GF(p) for p=11; 13; 17; 19; 23 and 29,
respectively. The classi#cation of self-dual codes over these #elds for small lengths
is given. We construct optimal self-dual codes over these #elds in order to determine
the largest minimum weights. Most are either maximum distance separable (MDS)
(d= n − k + 1), or almost MDS (d= n − k) [3]. Note that for odd q619, a (non-
trivial) MDS code must have n6q+ 1 (cf. [3,4]).
2. Preliminaries
In this section, we recall known results which are used in this paper.
2.1. Mass formulas
Mass formulas are useful when attempting to complete the classi#cation of self-
dual codes. The total number of distinct self-dual codes over GF(p) of length n is
given by
Np(n)= 2
n=2−1∏
i=1
(pi + 1); (1)
where p is an odd prime [8, Chapter 19]. Then we have the following:
Np(n)=
∑
C∈C
n! · 2n
|Aut(C)| ; (2)
where C is the set of all inequivalent self-dual codes of length n, and |Aut(C)| denotes
the order of the automorphism group of C.
K. Betsumiya et al. / Discrete Mathematics 262 (2003) 37–58 39
2.2. Construction methods
In this paper, we employ the following two methods to construct optimal self-dual
codes.
• A pure double circulant code has a generator matrix of the form
(In R); (3)
where In is the identity matrix of order n and R is an n by n circulant matrix.
A [2n; n] code over GF(p) with a generator matrix of the form

  · · · 

In
... R


 ; (4)
where R is an (n−1) by (n−1) circulant matrix, and ;  and ∈GF(p), is called a
bordered double circulant code. These two families of codes are collectively called
double circulant codes (cf. [8]).
It was shown in [11] that there is no bordered double circulant self-dual code over
GF(p) if and only if −1 is not a quadratic residue in GF(p).
• The other method used in this paper is based on orthogonal designs [4]. First we
de#ne the following matrix. A matrix M over GF(p) satisfying MMT = − c2In for
a non-zero element c is an orthogonal design over GF(p) [5].
Let R=(rij) be a back diagonal (0; 1)-matrix of order n satisfying ri; n−i+1 =1;
rij =0 if j = n − i + 1. Consider two circulant matrices A; B of order n satisfying
AAT + BBT = aI . If 1 + a=0, then the code generated by
G=
(
I2n
A B
−BT AT
)
; (5)
is a self-dual code. Now let A; B; C; D be four circulant matrices of order n satisfying
AAT + BBT +CCT +DDT = aI and R=(rij) the back diagonal matrix of order n as
described above. If a+ 1=0, then the code generated by
G=

 I4n
A BR CR DR
−BR A DTR −CTR
−CR −DTR A BTR
−DR CTR −BTR A

 ; (6)
is a self-dual code. The right halves of the above two generator matrices are orthog-
onal designs over GF(p).
In this paper, the above two methods are called Methods I and II, respectively.
We denote the #rst rows of the matrices A; B (resp. A; B; C and D) in the above
matrices by rA and rB (resp. rA; rB; rC and rD) throughout this paper. In addition,
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when we give a code obtained by Method I (resp. II), we list only the #rst rows rA
and rB (resp. rA; rB; rC and rD), instead of the generator matrix.
2.3. Upper bounds
The Singleton bound is well known, so we have
d6n=2 + 1
for a self-dual code of length n. Note that for odd q619, a (non-trivial) MDS code
(that is, d= n− k + 1) must have n6q+ 1 (cf. [3,4]). Hence for a self-dual code of
length n, we have
d6n=2
if n¿q+ 1 (q619). In this paper, the above upper bounds are used.
3. Self-dual codes over GF(11)
In this section, we study self-dual codes over GF(11).
3.1. Classi>cation of lengths 4 and 8
Here we give a classi#cation of self-dual codes of lengths 4 and 8.
The following matrix(
1 0 1 3
0 1 3 10
)
;
generates a self-dual code C11;4 of length 4. C11;4 has weight enumerator
x4 + 40xy3 + 80y4;
and the automorphism group of this code has order 24.
From the mass formula we have
N11(4)= 24=4!;
which results in the following:
Proposition 3.1. There is a unique self-dual code over GF(11) of length 4, up to
equivalence.
We say that a matrix A is bisorted if the rows and columns of A are sorted in a #xed
lexicographic order. It is known that the class of codes generated by matrices (I; A),
with A a bisorted matrix, contain representatives of all inequivalent codes [2]. For
length 8, we have found 15 166 bisorted matrices generating self-dual codes. Among
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Table 1
Self-dual codes over GF(11) of length 8
Code C11; 8; 1 C11; 8; 2 C11; 8; 3 C11; 8; 4 C11; 8; 5 C11; 8; 6 C11; 8; 7 C11; 8; 8
|Aut(C)| 512 16 20 8 32 12 48 336
W W8; 1 W8; 2 W8; 3 W8; 4 W8; 5 W8; 6 W8; 7 W8; 7
these, only 8 distinct self-dual codes C11;8;1; : : : ; C11;8;8 must be checked to achieve
a complete classi#cation. For these codes, Table 1 gives the order |Aut(C)| of their
automorphism groups and the weight enumerators W where
W8;1 = x8 + 80x5y3 + 160x4y4 + 1600x2y6 + 6400xy7 + 6400y8;
W8;2 = x8 + 20x5y3 + 60x4y4 + 340x3y5 + 1780x2y6 + 5720xy7 + 6720y8;
W8;3 = x8 + 10x5y3 + 50x4y4 + 370x3y5 + 1850x2y6 + 5580xy7 + 6780y8;
W8;4 = x8 + 40x4y4 + 400x3y5 + 1920x2y6 + 5440xy7 + 6840y8;
W8;5 = x8 + 80x4y4 + 240x3y5 + 2160x2y6 + 5280xy7 + 6880y8;
W8;6 = x8 + 60x4y4 + 320x3y5 + 2040x2y6 + 5360xy7 + 6860y8;
W8;7 = x8 + 560x3y5 + 1680x2y6 + 5600xy7 + 6800y8:
From Table 1, the eight codes are inequivalent. As a check, the mass formula (2) gives
N11(8)= 3 900 096=
∑
i=1;:::;8
8! · 28
|Aut(C11;8; i)| :
Theorem 3.2. There are eight inequivalent self-dual codes over GF(11) of length 8.
We list the generator matrices (I4; G11;8; i) of the codes C11;8; i. In order to save
space, G11;8; i is given using the form g1; g2; g3; g4 where gj is the jth row:
G11;8;1 = 0; 0; 1; 3; 0; 0; 3; 10; 1; 3; 0; 0; 3; 10; 0; 0;
G11;8;2 = 0; 0; 1; 3; 0; 2; 1; 7; 1; 1; 7; 5; 3; 7; 5; 2;
G11;8;3 = 0; 0; 1; 3; 1; 5; 1; 7; 2; 2; 9; 8; 4; 6; 9; 8;
G11;8;4 = 0; 1; 2; 4; 1; 1; 4; 6; 2; 4; 0; 10; 4; 6; 10; 10;
G11;8;5 = 0; 1; 2; 4; 1; 0; 4; 9; 2; 4; 8; 6; 4; 9; 6; 3;
G11;8;6 = 0; 1; 2; 4; 1; 4; 9; 0; 2; 9; 8; 2; 4; 0; 2; 10;
G11;8;7 = 1; 1; 2; 2; 1; 5; 1; 7; 5; 4; 9; 3; 7; 1; 1; 6;
G11;8;8 = 1; 1; 4; 5; 1; 7; 5; 1; 4; 5; 10; 10; 6; 10; 1; 7:
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By (1), the number of distinct self-dual codes of length 12 is given by
N11(12)= 2
∏5
i=1(11
i + 1). Since N11(12)=(12! · 212)¿4687, we have the following:
Proposition 3.3. There are at least 4688 inequivalent self-dual codes over GF(11) of
length 12.
3.2. The largest minimum weights
In this section, the largest minimum weights of self-dual codes over GF(11) are
considered. It is known that there are no MDS self-dual codes of lengths 16; 20 and
24 [8, p. 328]. Since the weight enumerator of an MDS code is uniquely determined
[8], we list weight enumerators for optimal codes which are not MDS.
• n=12: By Method I, we have found a self-dual MDS [12; 6; 7] code C11;12 with
generator matrix (5) based on the following #rst rows:
rA=(3; 3; 4) and rB=(4; 5; 10):
• n=16: By Method II, a self-dual [16; 8; 8] code C11;16 was obtained. The generator
matrix (6) is based on the following #rst rows:
rA=(6; 7); rB=(6; 7); rC =(6; 4) and rD =(6; 4):
C11;16 has weight enumerator
x16 + 7200x8y8 + 56 800x7y9 + 361 760x6y10 + 2 042 880x5y11 + 8 512 000x4y12
+ 26 084 800x3y13 + 56 011 200x2y14 + 74 629 760xy15 + 46 652 480y16:
Since there is no MDS code, the largest minimum weight d11(16) is 8.
• n=20: A self-dual [20; 10; 10] code was found in [3]. Since there is no MDS code,
the largest minimum weight d11(20) is 10.
• n=24: A self-dual [24; 12; 9] code C11;24 has been constructed in [5]. This code
was used to construct an extremal Type II Z22-code.
Therefore we have the following:
Proposition 3.4. The largest minimum weights of self-dual codes over GF(11) are
determined for lengths up to 20.
Table 2 lists the largest minimum weights d11(n) of self-dual codes of length n624.
4. Self-dual codes over GF(13)
In this section, self-dual codes over GF(13) are investigated.
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Table 2
Largest minimum weights of self-dual codes over GF(11)
Length n Largest minimum weight d11(n) Example
4 3 C11; 4 (MDS)
8 5 C11; 8; 7; C11; 8; 8 (MDS)
12 7 C11; 12 (MDS)
16 8 C11; 16
20 10 [3]
24 9–12 C11; 24 (d=9)
Table 3
Self-dual codes over GF(13) of lengths 2; 4 and 6
Code |Aut(C)| W
C13; 2 4 x2 + 12y2
C13; 4; 1 32 x4 + 24x2y2 + 144y4
C13; 4; 2 24 x4 + 48xy3 + 120y4
C13; 6; 1 384 x6 + 36x4y2 + 432x2y4 + 1728y6
C13; 6; 2 36 x6 + 24x3y3 + 108x2y4 + 720xy5 + 1344y6
C13; 6; 3 96 x6 + 12x4y2 + 48x3y3 + 120x2y4 + 576xy5 + 1440y6
C13; 6; 4 24 x6 + 180x2y4 + 648x3y5 + 1368y6
C13; 6; 5 48 x6 + 180x2y4 + 648x3y5 + 1368y6
4.1. Classi>cation of lengths up to 8
Here we give a classi#cation of self-dual codes over GF(13) of lengths up to 8. Let
C13;2 be the self-dual code with generator matrix (1; 5). Let C13;4;1 and C13;4;2 be the
self-dual codes with generator matrices(
1 0 5 0
0 1 0 5
)
and
(
1 0 10 4
0 1 9 10
)
;
respectively. Table 3 lists the orders |Aut(C)| of the automorphism groups and the
weight enumerators W of these codes. From (2), the codes in Table 3 complete the
classi#cation of self-dual codes of lengths 2 and 4.
Proposition 4.1. There is a unique self-dual code over GF(13) of length 2, there are
two self-dual codes of length 4, up to equivalence.
The classi#cation of self-dual codes of lengths 6 and 8 has also been done. The
mass formula (2) shows that our classi#cation is complete.
44 K. Betsumiya et al. / Discrete Mathematics 262 (2003) 37–58
Table 4
Self-dual codes over GF(13) of length 8
Code |Aut(C)| d Code |Aut(C)| d Code |Aut(C)| d
C13; 8; 1 6144 2 C13; 8; 8 12 3 C13; 8; 15 16 4
C13; 8; 2 768 2 C13; 8; 9 24 3 C13; 8; 16 384 4
C13; 8; 3 144 2 C13; 8; 10 96 4 C13; 8; 17 32 4
C13; 8; 4 96 2 C13; 8; 11 24 4 C13; 8; 18 8 4
C13; 8; 5 192 2 C13; 8; 12 4 4 C13; 8; 19 24 4
C13; 8; 6 1152 3 C13; 8; 13 16 4 C13; 8; 20 8 4
C13; 8; 7 36 3 C13; 8; 14 16 4 C13; 8; 21 48 5
Proposition 4.2. There are >ve inequivalent self-dual codes C13;6;1; : : : ; C13;6;5 over GF
(13) of length 6. There are 21 inequivalent self-dual codes C13;8;1; : : : ; C13;8;21 over
GF(13) of length 8.
The right halves of the generator matrices G13;6; i of the above codes C13;6; i are as
follows:
G13;6;1 = 5; 0; 0; 0; 5; 0; 0; 0; 5; G13;6;2 = 4; 5; 6; 3; 2; 5; 0; 3; 4;
G13;6;3 = 4; 10; 0; 3; 4; 0; 0; 0; 5; G13;6;4 = 7; 12; 1; 1; 6; 12; 1; 1; 7;
G13;6;5 = 5; 10; 2; 5; 2; 10; 1; 5; 5:
The automorphism group orders and the weight enumerators of the codes C13;6; i are
also listed in Table 3.
The automorphism group orders |Aut(C)| and the minimum weights d of the codes
C13;8; i are listed in Table 4. The generator matrices G13;8; i of these codes have the
following right halves:
G13;8;1 = 5; 0; 0; 0; 0; 5; 0; 0; 0; 0; 5; 0; 0; 0; 0; 5;
G13;8;2 = 4; 10; 0; 0; 3; 4; 0; 0; 0; 0; 5; 0; 0; 0; 0; 5;
G13;8;3 = 4; 5; 6; 0; 3; 2; 5; 0; 0; 3; 4; 0; 0; 0; 0; 5;
G13;8;4 = 6; 1; 1; 0; 1; 6; 1; 0; 1; 1; 6; 0; 0; 0; 0; 5;
G13;8;5 = 5; 10; 2; 0; 5; 2; 10; 0; 1; 5; 5; 0; 0; 0; 0; 5;
G13;8;6 = 4; 10; 0; 0; 3; 4; 0; 0; 0; 0; 4; 10; 0; 0; 3; 4;
G13;8;7 = 4; 5; 3; 1; 3; 2; 9; 3; 0; 3; 2; 5; 0; 0; 3; 4;
G13;8;8 = 6; 1; 7; 11; 1; 6; 7; 11; 1; 1; 3; 1; 0; 0; 3; 4;
G13;8;9 = 5; 10; 12; 4; 5; 2; 8; 7; 1; 5; 4; 10; 0; 0; 3; 4;
G13;8;10 = 6; 12; 11; 7; 1; 6; 6; 11; 1; 0; 6; 12; 0; 1; 1; 6;
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G13;8;11 = 6; 9; 9; 10; 1; 8; 3; 9; 1; 3; 8; 9; 0; 1; 1; 6;
G13;8;12 = 2; 6; 1; 6; 2; 4; 3; 10; 2; 3; 9; 10; 0; 4; 5; 6;
G13;8;13 = 2; 6; 8; 5; 2; 5; 7; 8; 2; 2; 11; 0; 0; 5; 5; 12;
G13;8;14 = 4; 0; 5; 6; 3; 11; 8; 0; 3; 3; 11; 4; 2; 5; 7; 8;
G13;8;15 = 4; 1; 2; 2; 3; 9; 1; 8; 3; 5; 11; 0; 2; 3; 4; 10;
G13;8;16 = 5; 8; 0; 1; 5; 5; 12; 0; 1; 0; 5; 8; 0; 1; 5; 5;
G13;8;17 = 5; 9; 0; 6; 5; 3; 2; 0; 1; 5; 3; 9; 0; 1; 5; 5;
G13;8;18 = 5; 6; 4; 0; 3; 6; 10; 7; 2; 2; 1; 9; 0; 1; 5; 5;
G13;8;19 = 5; 2; 0; 10; 3; 4; 8; 12; 2; 2; 1; 9; 0; 1; 5; 5;
G13;8;20 = 5; 9; 12; 10; 3; 1; 1; 12; 2; 2; 1; 9; 0; 2; 3; 5;
G13;8;21 = 3; 4; 2; 10; 1; 11; 2; 4; 1; 2; 4; 2; 1; 1; 1; 3:
By (1), the number of distinct self-dual codes of length 10 is given by N13(10)= 2∏4
i=1(13
i + 1). Since N13(10)=(10! · 210)¿80, we have the following:
Proposition 4.3. There are at least 81 inequivalent self-dual codes over GF(13) of
length 10.
4.2. The largest minimum weights
• n=10: There is an MDS pure double circulant self-dual code C13;10 with the #rst
row of the generator matrix (3) given by
(8; 11; 11; 2; 12):
• n=12: Four self-dual [12; 6; 6] codes C13;12; D13;12; E13;12 and F13;12 were con-
structed using Method I. The generator matrices (5) of these codes are given by
rA=(10; 10; 11) and rB=(4; 1; 8);
rA=(7; 7; 8) and rB=(8; 11; 4);
rA=(7; 7; 9) and rB=(7; 11; 12);
rA=(7; 7; 12) and rB=(7; 9; 2);
respectively. The weight enumerators are:
x12 + 528x6y6 + 6336x5y7 + 43 560x4y8 + 234 960x3y9 + 847 440x2y10
+ 1 846 656xy11 + 1 847 328y12;
x12 + 576x6y6 + 6048x5y7 + 44 280x4y8 + 234 000x3y9 + 848 160x2y10
+ 1 846 368xy11 + 1 847 376y12
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x12 + 792x6y6 + 4752x5y7 + 47520x4y8 + 229 680x3y9 + 851 400x2y10
+ 1 845 072xy11 + 1 847 592y12
x12 + 696x6y6 + 5328x5y7 + 46 080x4y8 + 231 600x3y9 + 849 960x2y10
+ 1 845 648xy11 + 1 847 496y12;
respectively.
• n=14: There is an MDS pure double circulant self-dual [14; 7; 8] code C13;14 with
#rst row
(2; 9; 10; 9; 2; 1; 1):
• n=16: By Method II, a self-dual [16; 8; 8] code C13;16 was constructed with gener-
ator matrix (6) given by
rA=(7; 7); rB=(7; 8); rC =(7; 8) and rD =(8; 1):
The weight enumerator is
x16 + 8400x8y8 + 70 080x7y9 + 619 584x6y10 + 3 932 544x5y11 + 19 981 920x4y12
+ 73 355 520x3y13 + 188 932 800x2y14 + 302 178 432xy15 + 226 651 440y16:
Four pure double circulant self-dual [16; 8; 8] codes D13;16; E13;16; F13;16 and G13;16
were obtained. The #rst rows are
(8; 4; 5; 8; 7; 1; 1; 0); (10; 3; 5; 2; 8; 3; 3; 0); (10; 1; 4; 10; 11; 6; 1; 1);
(3; 8; 10; 10; 6; 7; 2; 1);
and the weight enumerators are:
x16 + 8376x8y8 + 70 272x7y9 + 618 912x6y10 + 3 933 888x5y11 + 19 980 240x4y12
+ 73 356 864x3y13 + 188 932 128x2y14 + 302 178 624xy15 + 226 651 416y16;
x16 + 8088x8y8 + 72 576x7y9 + 610 848x6y10 + 3 950 016x5y11 + 19 960 080x4y12
+ 73 372 992x3y13 + 188 924 064x2y14 + 302 180 928xy15 + 226 651 128y16;
x16 + 8616x8y8 + 68 352x7y9 + 625 632x6y10 + 3 920 448x5y11 + 19 997 040x4y12
+ 73 343 424x3y13 + 188 938 848x2y14 + 302 176 704xy15 + 226 651 656y16;
x16 + 8952x8y8 + 65 664x7y9 + 635 040x6y10 + 3 901 632x5y11 + 20 020 560x4y12
+ 73 324 608x3y13 + 188 948 256x2y14 + 302 174 016xy15 + 226 651 992y16;
respectively. Thus the #ve codes are inequivalent. Note that the largest minimum
weight d13(16) is 8.
• n=18: A self-dual [18; 9; 9] code was found in [3]. Hence d13(18) is 9.
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Table 5
Largest minimum weights of self-dual codes over GF(13)
Length n Largest minimum weight d13(n) Example
2 2 C13; 2 (MDS)
4 3 C13; 4; 2; C13; 4; 3 (MDS)
6 4 C13; 6; 5; C13; 6; 6 (MDS)
8 5 C13; 8; 21 (MDS)
10 6 C13; 10 (MDS)
12 6–7 C13; 12 (d=6)
14 8 C13; 14 (MDS)
16 8 C13; 16
18 9 [3]
20 10 C13; 20
22 10–11 C13; 22 (d=10)
24 10–12 C13; 24 (d=10)
• n=20: There is a pure double circulant self-dual [20; 10; 10] code C13;20 with #rst
row
(3; 7; 5; 5; 2; 8; 5; 6; 3; 0);
and weight enumerator
x20 + 111 024xy10 + 905 280xy11 + 8 019 360xy12 + 60 166 080xy13
+ 361 922 400xy14 + 1 730 361 600xy15 + · · · :
• n=22: Let C13;22 be the pure double circulant code with #rst row
(7; 7; 8; 3; 0; 10; 1; 9; 7; 11; 10):
This is a self-dual [22; 11; 10] code.
• n=24: The pure double circulant code C13;24 with #rst row
(0; 0; 0; 3; 1; 2; 1; 6; 1; 2; 10; 5);
is a self-dual [24; 12; 10] code. This code has a greater minimum weight than the
one given in [1].
Therefore we have the following:
Proposition 4.4. The largest minimum weights of self-dual codes over GF(13) are
determined for lengths up to 20 except 12.
Table 5 lists the largest minimum weights d13(n) of self-dual codes of length
n624.
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5. Self-dual codes over GF(17)
In this section, self-dual codes over GF(17) are investigated.
5.1. Classi>cation of lengths up to 8
Here we give a classi#cation of self-dual codes over GF(17) of lengths up to 8.
Let C17;2 be the self-dual code with generator matrix (1; 4). Let C17;4;1 and C17;4;2
be the self-dual codes with generator matrices(
1 0 4 0
0 1 0 4
)
and
(
1 0 1 7
0 1 7 16
)
;
respectively. Table 6 lists the orders |Aut(C)| of the automorphism groups and the
weight enumerators W of these codes. From (2), the codes in Table 6 complete the
classi#cation of self-dual codes of lengths 2 and 4.
Similarly, the classi#cation of length 6 has been done. The inequivalent codes are
listed in Table 6. The mass formula (2) shows that the classi#cation is complete.
Proposition 5.1. There is a unique self-dual code over GF(17) of length 2, there are
two self-dual codes of length 4 and there are six self-dual codes of length 6, up to
equivalence.
The rows of the right halves of the generator matrices of C17;6; i are:
G17;6;1 = 4; 0; 0; 0; 4; 0; 0; 0; 4; G17;6;2 = 7; 16; 0; 1; 7; 0; 0; 0; 4;
G17;6;3 = 4; 10; 6; 4; 6; 10; 1; 4; 4; G17;6;4 = 8; 2; 13; 6; 8; 16; 1; 4; 4;
G17;6;5 = 7; 11; 4; 1; 8; 6; 0; 1; 10; G17;6;6 = 8; 13; 2; 6; 10; 13; 1; 6; 8:
Next we give a classi#cation of self-dual codes over GF(17) of length 8. The inequiv-
alent codes are listed in Table 7. The mass formula (2) shows that the classi#cation
is complete.
Table 6
Self-dual codes over GF(17) up to length 6
Code |Aut(C)| W
C17; 2 4 x2 + 16y2
C17; 4; 1 32 x4 + 32x2y2 + 256y4
C17; 4; 2 16 x4 + 64xy3 + 224y4
C17; 6; 1 384 x6 + 48x4y2 + 768x2y4 + 4096y6
C17; 6; 2 64 x6 + 16x4y2 + 64x3y3 + 224x2y4 + 1024xy5 + 3584y6
C17; 6; 3 48 x6 + 240x2y4 + 1248xy5 + 3424y6
C17; 6; 4 24 x6 + 240x2y4 + 1248xy5 + 3424y6
C17; 6; 5 16 x6 + 32x3y3 + 144x2y4 + 1344xy5 + 3392y6
C17; 6; 6 12 x6 + 240x2y4 + 1248xy5 + 3424y6
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Table 7
Self-dual codes over GF(17) of length 8
Code |Aut(C)| d Code |Aut(C)| d Code |Aut(C)| d
C17; 8; 1 6144 2 C17; 8; 17 64 4 C17; 8; 33 4 4
C17; 8; 2 512 2 C17; 8; 18 8 4 C17; 8; 34 4 4
C17; 8; 3 64 2 C17; 8; 19 24 4 C17; 8; 35 48 4
C17; 8; 4 192 2 C17; 8; 20 8 4 C17; 8; 36 16 4
C17; 8; 5 96 2 C17; 8; 21 8 4 C17; 8; 37 16 4
C17; 8; 6 48 2 C17; 8; 22 8 4 C17; 8; 38 4 4
C17; 8; 7 512 3 C17; 8; 23 24 4 C17; 8; 39 16 4
C17; 8; 8 32 3 C17; 8; 24 24 4 C17; 8; 40 8 4
C17; 8; 9 16 3 C17; 8; 25 32 4 C17; 8; 41 16 4
C17; 8; 10 16 3 C17; 8; 26 8 4 C17; 8; 42 8 4
C17; 8; 11 8 3 C17; 8; 27 4 4 C17; 8; 43 32 5
C17; 8; 12 4 3 C17; 8; 28 4 4 C17; 8; 44 48 5
C17; 8; 13 384 4 C17; 8; 29 4 4 C17; 8; 45 12 5
C17; 8; 14 16 4 C17; 8; 30 4 4 C17; 8; 46 48 5
C17; 8; 15 32 4 C17; 8; 31 4 4 C17; 8; 47 16 5
C17; 8; 16 4 4 C17; 8; 32 2 4
Proposition 5.2. There are forty-seven self-dual codes over GF(17) of length 8, up to
equivalence.
The rows of the right halves of the generator matrices of C17;8; i are:
G17;8;1 = 4; 0; 0; 0; 0; 4; 0; 0; 0; 0; 4; 0; 0; 0; 0; 4;
G17;8;2 = 7; 16; 0; 0; 1; 7; 0; 0; 0; 0; 4; 0; 0; 0; 0; 4;
G17;8;3 = 7; 11; 13; 0; 1; 8; 11; 0; 0; 1; 7; 0; 0; 0; 0; 4;
G17;8;4 = 4; 10; 6; 0; 4; 6; 10; 0; 1; 4; 4; 0; 0; 0; 0; 4;
G17;8;5 = 8; 2; 13; 0; 6; 8; 16; 0; 1; 4; 4; 0; 0; 0; 0; 4;
G17;8;6 = 8; 1; 11; 0; 6; 9; 1; 0; 1; 6; 8; 0; 0; 0; 0; 4;
G17;8;7 = 7; 16; 0; 0; 1; 7; 0; 0; 0; 0; 7; 16; 0; 0; 1; 7;
G17;8;8 = 7; 11; 10; 1; 1; 8; 15; 10; 0; 1; 8; 11; 0; 0; 1; 7;
G17;8;9 = 7; 14; 16; 5; 1; 4; 7; 16; 0; 5; 4; 14; 0; 0; 1; 7;
G17;8;10 = 4; 10; 2; 7; 4; 6; 9; 6; 1; 4; 7; 16; 0; 0; 1; 7;
G17;8;11 = 8; 2; 10; 1; 6; 8; 11; 13; 1; 4; 7; 16; 0; 0; 1; 7;
G17;8;12 = 8; 1; 2; 7; 6; 9; 11; 13; 1; 6; 3; 2; 0; 0; 1; 7;
G17;8;13 = 4; 13; 0; 1; 4; 4; 16; 0; 1; 0; 4; 13; 0; 1; 4; 4;
G17;8;14 = 8; 11; 4; 6; 6; 8; 11; 4; 1; 0; 4; 13; 0; 1; 4; 4;
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G17;8;15 = 4; 14; 0; 5; 4; 11; 10; 0; 1; 2; 11; 14; 0; 1; 4; 4;
G17;8;16 = 8; 6; 11; 13; 6; 3; 9; 3; 1; 2; 11; 14; 0; 1; 4; 4;
G17;8;17 = 4; 9; 0; 2; 4; 2; 8; 0; 1; 7; 2; 9; 0; 1; 4; 4;
G17;8;18 = 8; 10; 14; 9; 6; 11; 15; 12; 1; 7; 2; 9; 0; 1; 4; 4;
G17;8;19 = 8; 11; 4; 6; 4; 2; 0; 8; 2; 3; 1; 11; 0; 1; 4; 4;
G17;8;20 = 8; 15; 16; 10; 4; 11; 10; 0; 2; 3; 1; 11; 0; 1; 4; 4;
G17;8;21 = 5; 4; 8; 8; 4; 7; 11; 0; 3; 1; 6; 15; 0; 1; 4; 4;
G17;8;22 = 5; 16; 10; 3; 4; 9; 0; 2; 3; 1; 6; 15; 0; 1; 4; 4;
G17;8;23 = 5; 7; 5; 6; 4; 1; 0; 4; 3; 4; 3; 13; 0; 1; 4; 4;
G17;8;24 = 5; 5; 4; 16; 4; 12; 14; 0; 3; 4; 3; 13; 0; 1; 4; 4;
G17;8;25 = 8; 11; 14; 3; 6; 8; 14; 14; 1; 0; 8; 11; 0; 1; 6; 8;
G17;8;26 = 8; 6; 16; 0; 6; 3; 15; 16; 1; 2; 3; 6; 0; 1; 6; 8;
G17;8;27 = 8; 5; 5; 2; 6; 7; 12; 5; 1; 3; 7; 5; 0; 1; 6; 8;
G17;8;28 = 8; 10; 8; 14; 6; 11; 13; 8; 1; 7; 11; 10; 0; 1; 6; 8;
G17;8;29 = 8; 11; 1; 0; 4; 2; 14; 2; 2; 3; 2; 13; 0; 1; 6; 8;
G17;8;30 = 8; 15; 5; 5; 4; 11; 6; 9; 2; 3; 2; 13; 0; 1; 6; 8;
G17;8;31 = 5; 4; 12; 16; 4; 7; 15; 7; 3; 1; 11; 15; 0; 1; 6; 8;
G17;8;32 = 5; 16; 4; 12; 4; 9; 8; 12; 3; 1; 11; 15; 0; 1; 6; 8;
G17;8;33 = 5; 7; 3; 16; 4; 1; 16; 7; 3; 4; 2; 15; 0; 1; 6; 8;
G17;8;34 = 5; 5; 3; 12; 4; 12; 16; 12; 3; 4; 2; 15; 0; 1; 6; 8;
G17;8;35 = 8; 13; 9; 5; 4; 8; 12; 9; 2; 0; 8; 13; 0; 2; 4; 8;
G17;8;36 = 8; 11; 14; 3; 4; 3; 13; 14; 2; 1; 3; 11; 0; 2; 4; 8;
G17;8;37 = 8; 9; 12; 13; 4; 7; 0; 11; 2; 1; 3; 11; 0; 2; 4; 8;
G17;8;38 = 5; 10; 14; 16; 4; 10; 15; 7; 3; 4; 2; 15; 0; 2; 4; 8;
G17;8;39 = 5; 13; 1; 5; 4; 5; 12; 1; 3; 0; 5; 13; 0; 3; 4; 5;
G17;8;40 = 5; 15; 8; 5; 4; 6; 11; 8; 3; 1; 6; 15; 0; 3; 4; 5;
G17;8;41 = 5; 4; 14; 0; 4; 2; 15; 14; 3; 2; 2; 4; 0; 3; 4; 5;
G17;8;42 = 5; 2; 6; 11; 4; 13; 4; 6; 3; 2; 13; 2; 0; 3; 4; 5;
G17;8;43 = 8; 7; 1; 15; 1; 9; 16; 1; 1; 2; 9; 7; 1; 1; 1; 8;
G17;8;44 = 8; 9; 7; 14; 1; 10; 2; 9; 1; 2; 9; 7; 1; 1; 1; 8;
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G17;8;45 = 8; 5; 15; 5; 7; 14; 9; 9; 2; 7; 10; 4; 1; 1; 1; 8;
G17;8;46 = 8; 10; 16; 15; 7; 15; 10; 13; 2; 9; 1; 10; 1; 1; 4; 7;
G17;8;47 = 7; 4; 15; 7; 5; 3; 16; 10; 3; 2; 11; 16; 1; 2; 3; 6:
By (1), the number of distinct self-dual codes of length 10 is given by N17(10)= 2∏4
i=1(17
i + 1). Since N17(10)=(10! · 210)¿1153, we have the following:
Proposition 5.3. There are at least 1154 inequivalent self-dual codes over GF(17) of
length 10.
5.2. The largest minimum weights
• n=10: There is an MDS self-dual pure double circulant [10; 5; 6] code C17;10 with
#rst row
(9; 9; 12; 7; 1):
• n=12: By Method I, a self-dual [12; 6; 6] code C17;12 was obtained. The generator
matrix (5) is given by
rA=(9; 9; 11) and rB=(9; 12; 1):
The weight enumerator is
x12 + 576x6y6 + 9216x5y7 + 878 40x4y8 + 625 600x3y9 + 3 007 680x2y10
+ 8 745 216xy11 + 11 661 440y12:
• n=14: Let C17;14; D17;14 and E17;14 be the pure double circulant codes with the
following #rst rows
(9; 9; 15; 14; 6; 12; 16); (9; 10; 5; 7; 7; 14; 3) and (9; 11; 11; 13; 11; 13; 13);
respectively. These codes are self-dual [14; 7; 7] codes with weight enumerators
x14 + 1792x7y7 + 35 504x6y8 + 325 920x5y9 + 2 692 032x4y10 + 15 601 152x3y11
+ 62 421 856x2y12 + 153 655 488xy13 + 175 604 928y14;
x14 + 1568x7y7 + 37 072x6y8 + 321 216x5y9 + 2 699 872x4y10 + 15 593 312x3y11
+ 62 426 560x2y12 + 153 653 920xy13 + 175 605 152y14;
x14 + 2016x7y7 + 33 936x6y8 + 330 624x5y9 + 2 684 192x4y10 + 15 608 992x3y11
+ 62 417 152x2y12 + 153 657 056xy13 + 175 604 704y14;
respectively.
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• n=16: A self-dual [16; 8; 8] code C17;16 was constructed using Method I. The gen-
erator matrix (5) has the following #rst rows:
rA=(9; 9; 9; 14) and rB=(9; 11; 5; 8):
The code has the following weight enumerator:
x16 + 9120x8y8 + 110 080x7y9 + 1 280 384x6y10 + 10 950 912x5y11
+ 73 554 880x4y12 + 361 419 520x3y13 + 1 239 638 400x2y14
+ 2 644 383 488xy15 + 2 644 410 656y16:
• n=18: There is an MDS pure double circulant self-dual [8; 9; 10] code C17;18 with
#rst row
(13; 12; 8; 12; 13; 1; 6; 6; 1):
• n=20: A self-dual [20; 10; 10] code was found in [3].
• n=22: We have found a pure double circulant [22; 11; 10] code C17;22 with #rst row
(9; 9; 9; 9; 15; 1; 4; 16; 5; 10; 2):
• n=24: The pure double circulant code C17;24 with #rst row
(0; 0; 0; 1; 4; 3; 8; 3; 7; 2; 2; 8)
is a self-dual [24; 12; 10] code.
Therefore we have the following:
Proposition 5.4. The largest minimum weights of self-dual codes over GF(17) are
determined for lengths up to 10 and lengths 18; 20.
Table 8 lists the largest minimum weights d17(n) of self-dual codes of length
n624.
6. Self-dual codes over GF(19)
In this section, self-dual codes over GF(19) are investigated.
6.1. Classi>cation of length 4
Here we give a classi#cation of self-dual codes over GF(19) of length 4.
Let C19;4;1 and C19;4;2 be the self-dual codes with generator matrices(
1 0 1 6
0 1 6 18
)
and
(
1 0 8 7
0 1 12 8
)
;
respectively. Table 9 lists the orders |Aut(C)| of the automorphism groups and the
weight enumerators W of the codes. From (2), the codes in Table 9 complete the
classi#cation of self-dual codes of length 4.
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Table 8
Largest minimum weights of self-dual codes over GF(17)
Length n Largest minimum weight d17(n) Example
2 2 C17; 2 (MDS)
4 3 C17; 4; 2 (MDS)
6 4 C17; 6; 5 (MDS)
8 5 C17; 8; 43 (MDS)
10 6 C17; 10 (MDS)
12 6–7 C17; 12 (d=6)
14 7–8 C17; 14 (d=7)
16 8–9 C17; 16 (d=8)
18 10 C17; 18 (MDS)
20 10 [3]
22 10–11 C17; 22 (d=10)
24 10–12 C17; 24 (d=10)
Table 9
Self-dual codes over GF(19)
Code |Aut(C)| W
C19; 4; 1 16 x4 + 72xy3 + 288y4
C19; 4; 2 24 x4 + 72xy3 + 288y4
Proposition 6.1. There are two inequivalent self-dual codes over GF(19) of length 4.
By (1), the number of distinct self-dual codes of length 12 is given by N19(12)= 2∏5
i=1(19
i + 1). Since N19(12)=(12! · 212)¿16 337 352, we have the following:
Proposition 6.2. There are at least 16 337 353 inequivalent self-dual codes over
GF(19) of length 12.
6.2. The largest minimum weights
• n=8: The pure double circulant code C19;8 with #rst row
(10; 10; 11; 18)
is self-dual MDS.
• n=12: By Method I, an MDS self-dual [12; 6; 7] code C19;12 was constructed with
the #rst rows of the generator matrix (5) given by
rA=(10; 12; 4) and rB=(15; 17; 17):
• n=16: By Method I, a self-dual [16; 8; 8] code C19;16 was constructed with #rst
rows of the generator matrix (5) given by
rA=(18; 18); rB=(18; 16); rC =(18; 14) and rD =(16; 3):
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Table 10
Largest minimum weights of self-dual codes over GF(19)
Length n Largest minimum weight d19(n) Example
4 3 C19; 2; 1; C19; 2; 2; C19; 2; 3 (MDS)
8 5 C19; 8 (MDS)
12 7 C19; 12 (MDS)
16 8–9 C19; 16 (d=8)
20 11 C19; 20 (MDS)
24 9–12 [1] (d=9)
The weight enumerator is
x16 + 8640x8y8 + 136 800x7y9 + 1 683 360x6y10 + 16 498 944x5y11
+ 124 044 480x4y12 + 686 508 480x3y13 + 2 648 358 720x2y14
+ 6 355 905 408xy15 + 7 150 418 208y16:
• n=20: By Method I, an MDS self-dual [20; 10; 11] code C19;20 was constructed with
#rst rows of the generator matrix (5) given by
rA=(2; 2; 6; 4; 6) and rB=(6; 7; 4; 10; 5):
• n=24: A self-dual [24; 12; 9] code was found in [1].
Therefore we have the following:
Proposition 6.3. The largest minimum weights of self-dual codes over GF(19) are
determined for lengths up to 12 and length 20.
Table 10 lists the largest minimum weights d19(n) of self-dual codes of length n624.
7. Self-dual codes over GF(23)
In this section, we study self-dual codes over GF(23).
7.1. Classi>cation of length 4
Here it is shown that there is a unique self-dual code over GF(23) of length 4, up
to equivalence. Let C23;4 be the code with generator matrix(
1 0 2 8
0 1 8 21
)
:
K. Betsumiya et al. / Discrete Mathematics 262 (2003) 37–58 55
This is a self-dual code with automorphism group of order 8 and weight enumerator
x4 + 88xy3 + 440y4. By (1), there is no other self-dual code of this length.
Proposition 7.1. There is a unique self-dual code over GF(23) of length 4, up to
equivalence. This code is MDS.
By (1), the number of distinct self-dual codes of length 8 is given by N23(8)= 2∏3
i=1(23
i + 1). Since N23(8)=(8! · 28)¿29, we have the following:
Proposition 7.2. There are at least 30 inequivalent self-dual codes over GF(23) of
length 8.
7.2. The largest minimum weights
• n=8: By Method I, an MDS self-dual code C23;8 was constructed where
rA=(1; 1) and rB=(2; 4):
• n=12: By Method I, an MDS self-dual code C23;12 of length 12 was constructed
with
rA=(1; 1; 19) and rB=(6; 12; 13):
• n=16: There is an MDS bordered double circulant self-dual [16; 8; 9] code C23;16.
The #rst row and borders are
r=(14; 13; 11; 8; 5; 3; 2) and (2; 7; 7);
respectively.
• n=20: There is a bordered double circulant self-dual [20; 10; 9] code C23;20. The
#rst row and borders are
r=(12; 5; 18; 12; 10; 6; 2; 1; 1) and (2; 5; 5);
respectively.
Therefore we have the following:
Proposition 7.3. The largest minimum weights of self-dual codes over GF(23) are
determined for lengths up to 16.
Table 11 lists the largest minimum weights d23(n) of self-dual codes of length n620.
8. Self-dual codes over GF(29)
In this section, we investigate self-dual codes over GF(29).
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Table 11
Largest minimum weights of self-dual codes over GF(23)
Length n Largest minimum weight d23(n) Example
4 3 C23; 8 (MDS)
8 5 C23; 8 (MDS)
12 7 C23; 12 (MDS)
16 9 C23; 16 (MDS)
20 9–11 C23; 20 (d=9)
Table 12
Self-dual codes over GF(29) of lengths up to 6
Code |Aut(C)| W
C29; 2 4 x2 + 28y2
C29; 4; 1 32 x4 + 56x2y2 + 784y4
C29; 4; 2 8 x4 + 112xy3 + 728y4
C29; 6; 1 384 x6 + 84x4y2 + 2352x2y4 + 21952y6
C29; 6; 2 32 x6 + 28x4y2 + 112x3y3 + 728x2y4 + 3136xy5 + 20384y6
C29; 6; 3 4 x6 + 56x3y3 + 252x2y4 + 4368xy5 + 19712y6
C29; 6; 4 12 x6 + 420x2y4 + 4200xy5 + 19768y6
C29; 6; 5 12 x6 + 420x2y4 + 4200xy5 + 19768y6
C29; 6; 6 12 x6 + 420x2y4 + 4200xy5 + 19768y6
C29; 6; 7 24 x6 + 420x2y4 + 4200xy5 + 19768y6
C29; 6; 8 4 x6 + 420x2y4 + 4200xy5 + 19768y6
C29; 6; 9 8 x6 + 420x2y4 + 4200xy5 + 19768y6
C29; 6; 10 8 x6 + 420x2y4 + 4200xy5 + 19768y6
C29; 6; 11 48 x6 + 420x2y4 + 4200xy5 + 19768y6
8.1. Classi>cation of lengths up to 6
Here we give a classi#cation of self-dual codes over GF(29) of lengths up to 6. Let
C29;2 be the self-dual code with generator matrix (1; 12). Let C29;4;1 and C29;4;2 be
the self-dual codes with generator matrices
(
1 0 12 0
0 1 0 12
)
and
(
1 0 2 13
0 1 13 27
)
;
respectively. Table 12 lists the orders of the automorphism groups |Aut(C)| and the
weight enumerators W of the codes C. From (2), the codes in Table 12 complete the
classi#cation of self-dual codes of lengths 2 and 4.
Similarly, the classi#cation of length 6 has been done. The mass formula (2) shows
that our classi#cation is complete. The results for these codes are listed in Table 12.
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The generator matrices G29;6; i of C29;6; i are:
G29;6;1 = 12; 0; 0; 0; 12; 0; 0; 0; 12; G29;6;2 = 13; 27; 0; 2; 13; 0; 0; 0; 12;
G29;6;3 = 13; 22; 10; 2; 2; 22; 0; 2; 13; G29;6;4 = 20; 28; 27; 2; 9; 1; 1; 2; 9;
G29;6;5 = 7; 12; 26; 6; 14; 12; 1; 6; 7; G29;6;6 = 20; 26; 24; 5; 9; 3; 3; 5; 9;
G29;6;7 = 12; 15; 23; 12; 1; 12; 1; 11; 15; G29;6;8 = 7; 12; 3; 6; 5; 24; 1; 2; 9;
G29;6;9 = 12; 22; 26; 12; 2; 24; 1; 2; 9; G29;6;10 = 12; 25; 10; 12; 18; 16; 1; 6; 7;
G29;6;11 = 12; 20; 8; 12; 8; 20; 1; 12; 12:
Proposition 8.1. There is a unique self-dual code over GF(29) of length 2, there are
two self-dual codes of length 4, and there are eleven self-dual codes of length 6, up
to equivalence.
By (1), the number of distinct self-dual codes of length 8 is given by N29(8)= 2∏3
i=1(29
i + 1). Since N29(8)=(8! · 28)¿119, we have the following:
Proposition 8.2. There are at least 120 inequivalent self-dual codes over GF(29) of
length 8.
8.2. The largest minimum weights
• n=8: There is an MDS bordered double circulant self-dual code C29;8 with
r=(23; 2; 1) and (; ; )= (3; 4; 4):
• n=10: There is an MDS pure double circulant self-dual code C29;10 with #rst row
(1; 1; 9; 6; 24):
• n=12: There is an MDS bordered double circulant self-dual code C29;12 with
r=(24; 16; 12; 3; 1) and (; ; )= (2; 12; 12):
• n=14: There is an MDS pure double circulant self-dual code C29;14 with #rst row
(1; 3; 23; 19; 25; 27; 6):
• n=16: By Method II, a self-dual [16; 8; 8] code C29;16 was constructed with
rA=(1; 1); rB=(1; 2); rC =(1; 16) and rD =(7; 18):
• n=18: There is an MDS pure double circulant self-dual [18; 9; 10] code C29;18 with
#rst row
(1; 7; 19; 15; 26; 16; 14; 18; 17):
• n=20: There is a bordered double circulant self-dual [20; 10; 10] code C29;20 with
r=(23; 15; 20; 8; 25; 19; 2; 1; 1) and (; ; )= (2; 14; 14):
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Table 13
Largest minimum weights of self-dual codes over GF(29)
Length n Largest minimum weight d29(n) Example
2 2 C29; 2 (MDS)
4 3 C29; 4; 2 (MDS)
6 4 C29; 6; 4; : : : ; C29; 6; 11 (MDS)
8 5 C29; 8 (MDS)
10 6 C29; 10 (MDS)
12 7 C29; 12 (MDS)
14 8 C29; 14 (MDS)
16 8–9 C29; 16 (d=8)
18 10 C29; 18 (MDS)
20 10–11 C29; 20 (d=10)
Therefore we have the following:
Proposition 8.3. The largest minimum weights of self-dual codes over GF(29) are
determined for lengths up to 14 and length 18.
Table 13 lists the largest minimum weights d29(n) of self-dual codes of length n620.
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